



























































Contexte:	 L’hémorragie	 intraventriculaire	 néonatale	 est	 associée	 à	 des	 séquelles	 neuro-






















































































































































ART:	 	 	 Assisted	reproductive	technology	
BPD:		 	 	 Bronchopulmonary	dysplasia		
CIC:	 	 	 Cumulative	incidence	curve	
CIF:	 	 	 Cumulative	incidence	function	
CSF:		 	 	 Cerebral	spinal	fluid	
ELBW:	 	 	 Extremely	low	birthweight	
HR:		 	 	 Hazard	ratio	
ICD:	 	 	 The	international	Classification	of	Disease	
ICF:		 	 	 The	International	Classification	of	Functioning	Disability	and	Health	
IVH:		 	 	 Intraventricular	hemorrhage	
INSPQ:			 	 Institute	National	de	Santé	Publique	du	Québec	
Med-Echo:		 	 Maintenance	and	Use	of	Data	for	the	Study	of	Hospital	Clientele	Registry	
NEC:		 	 	 Necrotizing	enterocolitis	
PDA:		 	 	 Patent	ductus	arteriosus	
RAMQ:			 	 Régie	d’Assurance	Maladie	du	Québec	
RDS:		 	 	 Respiratory	distress	syndrome	
ROP:		 	 	 Retinopathy	of	prematurity	
SAS:		 	 	 Statistical	Analysis	Software	
SRY:		 	 	 Sex	determining	region	Y	
VLBW:	 	 	 Very	low	birthweight	
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Infants	 with	 intraventricular	 hemorrhage	 (IVH)	 have	 an	 elevated	 risk	 of	 neurodevelopmental	
disorders,	 but	 the	 association	 with	 other	 childhood	 morbidities	 is	 very	 poorly	 understood	 (1).	 IVH	
represents	 a	 serious	 neonatal	 neurological	 complication	 affecting	 primarily	 preterm	 infants	 (2).	 This	
condition	is	one	of	the	most	challenging	to	clinically	manage	and	frequently	implicates	end	of	life	decision-
making	(3).	IVH	occurs	in	20-30%	of	preterm	infants	with	very	low	birthweight	(1).	The	pathophysiology	is	
complex	 and	multifactorial	 (4).	 The	 pathogenesis	 is	mainly	 attributed	 to	 hemodynamic	 instability	 and	







severe	 IVH	have	major	neurocognitive	deficiencies	with	an	augmented	 risk	of	 functional	disability	 and	
gross	motor	 impairments	 (8,12).	 Emerging	 research	 is	 showing	 that	 very	 low	 birthweight	 infants	with	


















severe	 neurological	 complication.	 This	 condition	 is	 likely	 secondary	 to	 prematurity	 and	 represents	 the	
greatest	type	of	central	nervous	system	(CNS)	disorder	of	a	preterm	birth.	
	











Sophistication	 in	 neonatal	 medical	 management	 through	 use	 of	 antenatal	 steroids,	 improved	
ventilator	support	and	postnatal	surfactant	has	positively	affected	the	survival	of	extremely	premature	
infants	(17).	Great	medical	advancements	have	significantly	reduced	the	age	of	viability	to	as	low	as	22-24	
weeks	 of	 gestation	 (18,19).	 These	 changes	 have	 allowed	 high	 risk	 infants	 a	 chance	 at	 survival	 who	























Thus,	 respiratory	 function	 plays	 a	 dynamic	 role	 in	 the	 development	 of	 IVH.	 These	 infants	 often	 have	
substantial	physiological	instability	that	require	ongoing	medical	interventions.	
	
Hemodynamic	 variability	 and	 coagulation	disorders	 can	 contribute	 to	 the	development	of	 IVH.	
Hemodynamic	variability	represents	altered	perfusion	levels	in	the	body	related	to	the	cardiopulmonary	
system.	 Premature	 infants	 frequently	 exhibit	 anemia	 through	 low	 red	 blood	 cell	 counts,	 and	
thrombocytopenia	 through	 low	 platelet	 counts	 related	 to	 coagulation	 irregularities	 (24,27).When	 the	
production	of	red	blood	cells	is	insufficient,	it	has	a	direct	impact	on	the	tissue	oxygenation.	Red	blood	












Cerebral	ultrasounds	and	magnetic	 resonance	 imaging	enables	detection	and	diagnosis	of	 IVH.	

































Cerebral	 spinal	 fluid	 (CSF)	 is	 important	 for	proper	cerebral	 functioning	as	 it	protects	 the	brain,	










The	pathology	of	 IVH	can	vary	as	a	 function	of	gestational	age.	Preterm	and	term	 infants	have	
distinct	 risk	 factors	 and	mechanism	of	 disease.	Although,	 IVH	 is	 knowingly	more	prevalent	 in	 preterm	
infants,	 cases	 in	 term	 infants	do	exist.	 To	begin,	 it	 is	necessary	 to	understand	 the	pathology	of	 IVH	 in	














In	 the	 term	 infant,	 IVH	 is	 a	 rare	 complication,	 often	 secondary	 to	 traumatic	 delivery	 or	 birth	









IVH	 (34).	 The	 clinical	 classification	 and	 prognosis	 of	 studied	 cases	 revealed	 important	 structural	 and	
anatomical	 differences.	 They	 demonstrated	 through	 post-mortem	 cross-sectional	 analysis	 of	 cerebral	
tissue	that	there	existed	a	gestational	age	induced	anatomical	difference.	Therefore,	prediction	of	clinical	
outcomes	of	term	infants	with	the	equivalent	diagnostic	classification	as	preterm	infants	should	not	be	












hospitalizations	 may	 be	 necessary.	 Depending	 on	 the	 severity	 of	 the	 cases,	 length	 of	 inpatient	
hospitalization	can	extend	from	weeks	to	months.	Conjoined	decision-making,	 in	part	from	the	parents	









be	 better	 managed	 through	 prenatal	 awareness	 and	 teaching.	 Various	 determinants	 of	 health	
characterized	 as	 maternal	 risk	 factors	 are	 associated	 to	 IVH.	 Determinants	 of	 health	 are	 factors	 that	
influence	the	overall	health	of	an	individual.	Education,	lifestyle	choices,	biology,	social	factors	and	income	





and	 prolonged	 hospitalizations.	 Increased	 medical	 management	 leads	 to	 elevation	 in	 hospital-related	

















classified	 into	 three	 categories:	moderate	 to	 late	preterm	 (32	 to	<37	weeks),	 very	preterm	 (28	 to	<32	
weeks)	 and	extremely	preterm	 (<	28	weeks).	 In	2016,	7.9%	of	 all	 Canadian	 livebirths	were	 considered	
preterm	 (39).	Nearly	15-20%	of	 infants	affected	by	 IVH	are	born	 less	 than	32	weeks	of	 gestation	 (40).	
Strikingly,	45%	of	extremely	premature	infants	(<28	weeks)	develop	IVH	(5,18,40).	The	prevalence	appears	







































The	 physiological	 abnormality	 caused	 by	 PDA	 can	 lead	 to	 systemic	 hypo-perfusion	 through	mixing	 of	
oxygenated	and	deoxygenated	blood	(12,15).	In	70%	of	cases,	infants	are	asymptomatic.	However,	some	
infants	may	require	surgical	ligation	to	correct	this	anomaly.	Surgical	correction	can	result	in	mortality	and	






pharmaceutical	means.	 Common	medications	 include:	 artificial	 surfactant,	 corticosteroids	 and	 oxygen.	
Long-term	use	these	medications	and	high	dependency	of	external	ventilation	causes	the	lung	tissue	to	
change	 overtime.	 Anatomically,	 cells	 begin	 to	 exhibit	 abnormal	 growth	 as	 a	 function	 of	 persistent	
respiratory	failure	and	increased	respiratory	effort.	Infants	begin	to	develop	chronic	lung	disease	known	
as	bronchopulmonary	dysplasia	(BPD)	(12).	As	the	age	of	viability	decreases,	surviving	preterm	infants	are	




















physiological	 sequelae.	 Preterm	 infants	 have	 a	 further	 vulnerability	 to	 infections	 due	 to	 an	 immature	
immune	 system	 (12).	 Immaturity,	 in	 part,	 arises	 from	 having	 a	 lower	 production	 of	 monocytes	 and	



















































Routine	 prenatal	 visits	 enable	women	 to	 access	 the	 appropriate	 health	 resources	 and	 receive	
proper	follow-up	care	throughout	their	pregnancy.	Complications	of	pregnancy	can	arise	at	any	point,	from	
conception	 difficulties	 to	 delivery	 of	 the	 baby.	 Obstetrics	 and	 Gynecology	 is	 a	 branch	 of	 medicine	
dedicated	 to	 the	 study	 and	 clinical	management	 of	maternal-fetal	 heath	 (73).	 Analogous	 to	 neonatal	
morbidities,	 some	 well-studied	maternal	 morbidities	 associated	 with	 preterm	 birth	 arising	 during	 the	




Placental	 hemorrhage	 disorders	 have	 been	 associated	with	 early	 induction	 of	 labour	 (74).	 The	




bleeding,	 pain	 and	 uterine	 contractions	 (75).	 Premature	 dissociation	 of	 the	 placenta	 can	 cause	 intra-
uterine	growth	restrictions	in	the	fetus	and	preterm	birth.	Placenta	previa	also	arises	during	pregnancy	
and	 contribute	 to	 5%	 of	 iatrogenic	 preterm	 births.	 Placenta	 previa	 is	 characterized	 by	 the	 ectopically	
localized	placenta	near	 the	 lower	segment	of	 the	uterus,	potentially	obstructing	 the	cervix	 resulting	 in	

















To	meet	 the	energy	demands	of	 the	developing	 fetus	 the	maternal	body	undergoes	significant	
endocrine	changes.	Therefore,	metabolic	fluctuations	are	expected	to	occur	during	pregnancy.	The	fetal-










and	 diastolic	 (>90	mmHg)	 pressures.	 Systolic	measures	 the	 pressure	 in	 the	 arteries	 during	myocardial	
contraction	 and	 diastolic	 refers	 to	 the	 pressure	 during	 the	 cardiac	 relaxation	 period.	 Preeclampsia	 is	











the	 brain	 constitutes	 distinct	 functions	 and	 is	 associated	 to	 unique	 motor,	 behaviour	 and	 sensory	
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In	 a	 study	 by	 Payne	 et	 al,	 an	 increased	 risk	 of	 adverse	 outcomes	 was	 seen	 with	 severe	 IVH.	
However,	 infants	with	mild	 IVH	were	 not	 associated	 to	 have	 adverse	 neurodevelopment	 impairments	
between	the	ages	of	18-22	months.	Infants	with	severe	hemorrhage	have	been	associated	to	lower	Bayley	
language	and	cognitive	 scores	as	 compared	 to	mild	hemorrhage	 (9).	On	a	positive	note,	about	15%	of	
infants	diagnosed	with	severe	grades	of	IVH	can	later	have	normal	neurodevelopment	during	childhood	









than	 6/60	 using	 the	 metric	 scale	 and	 bilateral	 blindness.	 The	 Snellen	 chart	 allows	 for	 standardised	
diagnosis	of	visual	acuity	by	measuring	the	sharpness	of	image	resolution	(16).	Partial	or	complete	visual	
loss	can	be	linked	to	morbidities	such	as	ROP	(84).	Hearing	abnormality	were	mainly	associated	to	cochlear	
















The	period	between	the	 initial	onset	of	hemorrhaging	to	 its	full	clinical	manifestation	can	 leave	 infants	
susceptible	to	other	neonatal	complications.	Overall,	some	infants	with	minor	bleeds	can	survive	without	




























infants	 are	 both	 susceptible	 to	 the	 development	 of	 IVH	 through	 different	 pathological	 pathways.	
Differences	are	associated	to	physiological	immaturity	and	structural	anomalies.	Future	prognosis	of	an	
infants	 is	a	function	of	hemorrhagic	severity.	These	infants	are	susceptible	to	early	neonatal	death	and	
adverse	short	and	 long-term	outcomes.	 Infants	often	experience	prolonged	hospitalization,	resulting	 in	
difficult	 clinical	management.	 At	 times,	 ethical	 considerations	 regarding	 futility	 of	 care	 and	 questions	


































Classification	 of	 Functioning	 Disability	 and	 Health	 (ICF)	 is	 a	 known	 bio-psychosocial	 framework	 that	
enables	understanding	of	health	and	disability	 (87).	The	 ICF	 is	a	standardized	 framework	and	regroups	










grave	 effect	 on	 future	 disability,	 functioning	 and	 health.	 In	 my	 framework,	 neonatal	 and	 maternal	
characteristics	corresponded	to	environmental	and	personal	factors	that	can	affect	the	association.	These	



























the	 Study	 of	 Hospital	 Clientele	 registry	 (Med-Echo),	 a	 dataset	 covering	 hospitalizations	 for	 the	 entire	
province.	Med-Echo	has	been	used	 in	past	 research	projects	 to	 study	 the	outcomes	of	newborns	with	












(n=	 846,267)	 and	non-hospital	 births	were	 excluded.	 The	population	 consisted	of	 the	 total	 number	 of	
infants	with	IVH	(n=1,322).	Population	data	was	derived	from	Med-Echo	and	was	therefore	representative	
of	the	population	of	newborns	in	the	province.	Newborns	infants	of	all	gestational	ages	were	included.	
Gestational	 age	 and	 birthweight	 correlations	 were	 verified	 for	 fetal-growth	 discrepancies	 using	
Alexander’s	method;	 infants	abnormally	 too	small	or	 large	 for	 their	gestational	age	were	excluded	 (n=	
2140)	(91).	Infants	who	died	before	discharge	were	also	excluded	(n=2997).	Lastly,	infants	with	invalid	or	
missing	medical	health	 insurance	numbers	were	excluded	due	to	 inability	to	follow	them	through-time	












The	main	 exposure	measure	was	 IVH	during	 the	neonatal	 period	 (Table	 1).	 Cases	 of	 IVH	were	
captured	from	either	the	birth	hospitalization	or	occurring	after	transfer	to	a	tertiary	hospital.	The	10th	
revision	 of	 the	 International	 Classification	 of	 Diseases	 (ICD)	 was	 used	 to	 identify	 exposed	 infants.	
Diagnostic	codes	ranging	from	P52.0	to	P52.3	were	selected	from	the	perinatal	section	of	the	ICD	(92).	
Grades	III	and	IV	represent	physiologically	distinct	stages	of	the	disease	but	are	coupled	in	the	ICD	coding	
(n=194).	Milder	 forms	 of	 IVH,	 grade	 I	 (n=	 811)	 and	 grade	 II	 (n=185)	were	 available	 separately.	 IVH	 is	
routinely	detected	using	cerebral	ultrasound	or	magnetic	resonance	imaging	in	Quebec	hospitals	(4,31).	














































the	 category	of	 cancer,	 a	 vast	 selection	of	 topography	and	morphology	 codes	were	 selected	 from	 the	
International	Classification	of	Diseases	for	Oncology-3	(94).	Surgical	outcomes	were	selected	on	the	basis	














pediatric	 hospitals.	 The	 respiratory	 syncytial	 virus	 is	 a	 serious	 pathogen	 that	 affects	 children	 in	 early	
infancy	 (96–101).	Worldwide,	 obesity,	 diabetes	 and	malnutrition	 are	 important	 conditions	 that	 affect	
millions	 of	 children	 (102–104).	Genitourinary	 conditions	 such	 as	 nephritis	 and	 renal	 failure	 are	 kidney	
diseases	are	managed	in	the	pediatric	population	(105,106).	Juvenile	arthritis	is	a	serious	impairment	and	
represents	 the	most	 common	 autoimmune	 disorder	 negatively	 affecting	 the	 quality	 of	 life	 in	 children	
(107).	Moving	on	to	visual	impairments,	strabismus	often	affects	children	(60).	Retinal	detachment	and	






















































































































The	 maternal	 characteristics	 chosen	 in	 this	 study	 were	 used	 as	 covariates	 to	 control	 for	 the	
association	 of	 IVH	 and	 later	 childhood	 hospitalization	 (Table	 4).	 Maternal	 age	 and	 socioeconomic	
deprivation	 were	 stratified	 into	 three	 categories.	 Rurality	 was	 classified	 as	 a	 binary	 variable	 (rural	 or	
urban).	 Time	period	was	 stratified	 into	 three	 categories	 and	based	on	 the	 financial	 period.	 Pregnancy	
complications	as	described	 in	the	 literature	review,	were	extracted	using	codes	from	the	ICD.	The	final	




























The	 epidemiological	 approach	 begins	 with	 descriptive	 data.	 To	 obtain	 frequencies,	 the	 initial	
number	of	infants	with	IVH	and	those	later	hospitalized	was	determined	for	each	outcome	and	covariate.	
A	total	of	245,065	infants	were	re-hospitalized	for	any	outcome,	of	which	886	corresponded	to	 infants	











































































the	model.	The	assumption	 is	met	 if	 the	hazard	remains	constant	over	 time,	 implying	the	use	of	 time-



















































































Canada,	 with	 4,269,579	 person-years	 of	 follow-up	 over	 12	 years.	 The	 exposure	 was	 grade	 I	 to	 IV	








term	 was	 associated	 with	 3.19	 times	 the	 risk	 of	 hospitalization	 (95%	 CI	 2.55-4.00),	 whereas	 preterm	
intraventricular	hemorrhage	was	associated	with	1.82	times	the	risk	(95%	CI	1.66-2.00),	compared	with	no	
hemorrhage	 at	 term.	 Primary	 reasons	 for	 hospitalizations	 included	 central	 nervous	 system,	
ophthalmologic,	musculoskeletal,	and	cardiovascular	disorders.	
Conclusions:	 Intraventricular	 hemorrhage,	 especially	 of	 higher	 grades	 and	 in	 term	 neonates,	 is	 an	
important	determinant	of	the	future	risk	of	child	hospitalization.	







serious	 neonatal	 neurological	 complication	 affecting	 primarily	 preterm	 infants.2	 Intraventricular	
hemorrhage	 occurs	 in	 20-30%	 of	 preterm	 infants	 with	 very	 low	 birth	 weight.1	 Although	 complex	 and	
multifactorial,	 the	 pathogenesis	 of	 intraventricular	 hemorrhage	 is	 mainly	 attributed	 to	 hemodynamic	
instability	and	vascular	weakness	of	the	germinal	matrix	in	the	developing	fetal	brain.2,3	
	
Literature	 on	 childhood	 outcomes	 of	 intraventricular	 hemorrhage	 focuses	 primarily	 on	
neurodevelopmental	 complications.1,4–6	 These	 children	 are	 at	 increased	 risk	 of	 cerebral	 palsy	 and	
neurosensory	 impairment,	 including	 seizures,	 language	 delay,	 and	 behavioral	 disorders.1,4–6	 Special	
educational	support	may	be	required	at	school.7	Emerging	research	is	showing	that	very	low	birth	weight	
infants	 with	 neonatal	 comorbidities,	 including	 intraventricular	 hemorrhage,	 may	 have	 higher	 rates	 of	











Quebec.9	 Each	discharge	 summary	 is	 coded	and	 validated	by	 trained	personnel	 and	 contains	up	 to	41	
clinical	diagnostic	and	35	procedural	codes.9	
	













analyzed	 intraventricular	 hemorrhage	 as	 a	 binary	 exposure	 (yes,	 no).	 In	 Quebec,	 intraventricular	
hemorrhage	is	detected	using	cerebral	ultrasound	or	magnetic	resonance	imaging.11	Information	on	the	













due	 to	 immaturity	 of	 the	 central	 nervous	 system	 and	 hemodynamic	 instability.2,3	 Intraventricular	
hemorrhage	in	infants	born	at	37	weeks	or	more,	in	contrast,	originates	primarily	from	the	choroid	plexus	






generally	 managed	 in	 a	 clinical	 context,	 which	 we	 grouped	 by	 system:	 cardiovascular,	 respiratory,	




















follow-up,	 accounting	 for	 death	 as	 a	 competing	 event.	We	 used	 Cox	 proportional	 hazards	 regression	
models	 to	 calculate	 hazard	 ratios	 (HR)	 and	 95%	 confidence	 intervals	 (CI)	 for	 the	 association	 of	





















In	 this	 cohort	 of	 794,384	 infants	with	 4,269,579	 person-years	 of	 follow-up,	 1,322	 infants	 (0.2%)	were	
diagnosed	with	intraventricular	hemorrhage	(Table	5).	A	total	of	245,065	infants	were	later	hospitalized	












In	 adjusted	 Cox	 models,	 intraventricular	 hemorrhage	 was	 associated	 with	 1.56	 times	 the	 risk	 of	
hospitalization	 overall	 (95%	 CI	 1.43-1.70),	 compared	 with	 no	 hemorrhage	 (Table	 6).	 Infants	 with	
intraventricular	hemorrhage	had	4.20	times	the	risk	of	central	nervous	system	(95%	CI	3.43-5.13),	3.01	
times	the	risk	of	ophthalmologic	(95%	CI	2.32-3.89),	and	2.43	times	the	risk	of	cardiovascular	disorders	
(95%	 CI	 1.93-3.05).	Weaker	 but	 statistically	 significant	 associations	 were	 also	 present	 for	 respiratory,	
gastrointestinal,	genitourinary,	otologic,	and	infectious	diseases,	as	well	as	surgery.	
	
Infants	 with	 severe	 intraventricular	 hemorrhage	 had	 the	 greatest	 risk	 of	 hospitalization	 (Table	 7).	
Compared	with	no	hemorrhage,	grade	III/IV	intraventricular	hemorrhage	was	associated	with	2.81	times	
the	risk	of	hospitalization	for	any	outcome	(95%	CI	2.23-3.53),	whereas	grade	I	and	II	were	associated	with	









Associations	 between	 intraventricular	 hemorrhage	 and	 later	 childhood	 outcomes	 were	 somewhat	
stronger	 for	 infants	 born	 at	 term	 than	 preterm	 (Table	 8).	 Intraventricular	 hemorrhage	 at	 term	 was	
associated	with	3.19	times	the	risk	of	hospitalization	for	any	outcome	(95%	CI	2.55-4.00),	whereas	preterm	
intraventricular	hemorrhage	was	associated	with	1.82	times	the	risk	(95%	CI	1.66-2.00),	compared	with	no	
hemorrhage	 at	 term.	 Term	 infants	 with	 intraventricular	 hemorrhage	were	 especially	more	 likely	 than	






In	 this	 longitudinal	 cohort	 study	 with	 4.3	 million	 person-years	 of	 follow-up,	 children	 with	 neonatal	
intraventricular	hemorrhage	had	an	elevated	risk	of	hospitalization	for	a	range	of	disorders	up	to	12	years	










cohort	of	1,472	 infants	born	before	27	weeks	of	gestation	 in	the	United	States,	severe	 intraventricular	
hemorrhage	 was	 associated	 with	 3.43	 times	 the	 odds	 of	 cerebral	 palsy,	 1.68	 times	 the	 odds	 of	





In	our	 study,	 intraventricular	hemorrhage	was	associated	with	hospitalization	 for	a	 range	of	 childhood	
disorders,	 including	 central	 nervous	 system,	 ophthalmologic,	 musculoskeletal,	 and	 cardiovascular	
outcomes.	Associations	were	present	regardless	of	severity	but	were	stronger	for	grade	III/IV	hemorrhage.	
To	 our	 knowledge,	 comparable	 data	 from	 other	 studies	 do	 not	 exist,	 thus	 it	 is	 difficult	 to	 determine	
whether	similar	effects	would	be	present	 in	other	study	populations.	The	closest	studies	examined	the	
association	of	severe	intraventricular	hemorrhage	with	the	risk	of	rehospitalization	before	18	years	of	age	
in	 a	 cohort	 of	 6,385	 infants	 with	 very	 low	 birth	 weight.8,20	 The	 investigators	 found	 that	 infants	 with	
intraventricular	 hemorrhage	 had	 a	 2-fold	 greater	 risk	 of	 future	 hospitalization	 compared	 with	 no	
hemorrhage.20	 A	 separate	 analysis	 of	 the	 same	 cohort	 reported	 that	 intraventricular	 hemorrhage	was	
associated	with	14	times	the	risk	of	neurosurgical	hospitalization,	and	an	increased	risk	of	orthopedic	and	





and	 term	 infants.	 In	 preterm	 infants,	 the	 pathophysiology	 of	 intraventricular	 hemorrhage	 relates	 to	
vascular	 immaturity	 in	 the	subependymal	germinal	matrix	where	neuronal	and	glial	precursor	cells	are	
found.2,3	At	low	gestational	ages,	injury	to	this	region	may	impact	neuronal	cell	maturation	and	migration	
to	 cortical	 brain	 regions	 where	 higher	 level	 neuronal	 functioning	 occurs.2–4	 At	 term,	 however,	
intraventricular	 hemorrhage	 is	 primarily	 due	 to	 bleeding	 from	 the	 choroid	 plexus.	 Intraventricular	
hemorrhage	at	term	is	rare	and	often	secondary	to	traumatic	delivery	or	birth	asphyxia,	although	a	small	
fraction	is	due	to	developmental	and	anatomical	anomalies	or	severe	stress.13	In	our	data,	hemorrhage	





neonatal	 complications,	 including	 bronchopulmonary	 dysplasia,	 retinopathy	 of	 prematurity,	 or	 severe	
necrotizing	 enterocolitis,	 which	 can	 increase	medical	 vulnerability.15	 Children	 with	 bronchopulmonary	
dysplasia	are	at	risk	of	respiratory	infections	or	impaired	pulmonary	function.22	Retinopathy	of	prematurity	
is	associated	with	complications	such	as	strabismus,23	and	necrotizing	enterocolitis	with	feeding	problems	




Intraventricular	 hemorrhage	 may	 itself	 lead	 to	 morbidity	 through	 various	 mechanisms	 depending	 on	
hemorrhage	 location	 and	 possible	 immune	 system	 involvement.25,26	 Furthermore,	 infants	 with	
intraventricular	hemorrhage	are	at	risk	of	neurological	disorders	such	as	cerebral	palsy.1,4–6	Overall,	these	
children	are	medically	complex	and	difficult	to	manage.27	Anticipating	the	future	health	needs	of	infants	
with	 intraventricular	 hemorrhage,	 including	 those	 with	 medical	 complexity,	 can	 help	 improve	 care	
coordination	and	provide	families	with	adequate	support.	
	
This	 study	 has	 several	 limitations.	 As	 we	 used	 hospital	 discharge	 abstracts,	 we	 had	 limited	 data	 on	
maternal	smoking	and	other	potential	confounders,	and	therefore	cannot	rule	out	residual	confounding.	
The	 severity	 of	 intraventricular	 hemorrhage	 can	 change	 throughout	 the	 course	 of	 an	 infant’s	
hospitalization,	which	may	lead	to	exposure	misclassification.	Although	rigorous	algorithms	are	used	to	
validate	Quebec	hospital	data,	non-differential	misclassification	due	to	coding	errors	may	have	occurred	
and	 attenuated	 associations.9	 Cancer,	 musculoskeletal,	 and	 metabolic	 disorders	 were	 rare,	 and	
associations	 with	 these	 outcomes	 should	 be	 interpreted	 with	 caution.	 We	 had	 no	 information	 on	
neurodevelopmental	 outcomes.	 This	 study	 only	 accounted	 for	 childhood	 disorders	 that	 required	




The	 findings	 of	 this	 study	 suggest	 that	 neonatal	 intraventricular	 hemorrhage,	 especially	 severe	
hemorrhage	and	hemorrhage	at	term,	is	associated	with	an	increased	risk	of	hospitalization	for	a	range	of	








































































































Intraventricular	hemorrhage	 	 	 	 	
All	grades	 1,322	 886	 23.8	(22.3-25.4)	 74.7	(71.1-77.9)	
Grade	I	 811	 507	 19.7	(18.1-21.5)	 69.8	(65.2-73.9)	
Grade	II	 186	 128	 27.8	(23.4-33.1)	 78.4	(65.8-86.8)	
Grade	III/IV	 194	 159	 49.5	(42.4-57.8)	 89.6	(75.6-95.8)	
Grade	unspecified	 131	 92	 25.1	(20.4-30.7)	 78.6	(65.8-87.0)	
No	 793,062	 244,179	 5.7	(5.7-5.8)	 37.5	(37.4-37.7)	
Intraventricular	hemorrhage	and	preterm	birth	 	 	 	 	
Hemorrhage/preterm	 1,139	 768	 24.0	(22.4-25.8)	 75.0	(71.2-78.4)	
Hemorrhage/term	 183	 118	 22.5	(18.8-26.9)	 72.3	(61.4-80.6)	
No	hemorrhage/preterm	 50,185	 21,172	 9.0	(8.9-9.1)	 48.7	(48.1-49.3)	
No	hemorrhage/term	 742,877	 223,007	 5.5	(5.5-5.6)	 36.8	(36.6-36.9)	
Maternal	age,	years	 	 	 	 	
<25	 127,201	 44,889	 6.7	(6.6-6.7)	 42.6	(42.2-43.0)	
25-34	 531,485	 164,891	 5.8	(5.7-5.8)	 37.6	(37.4-37.8)	
≥35	 135,698	 35,285	 4.8	(4.8-4.9)	 32.5	(32.1-32.9)	
Pregnancy	complications*	 	 	 	 	
Yes	 138,139	 43,679	 6.3	(6.3-6.4)	 39.3	(38.8-39.7)	
No	 656,245	 201,386	 5.6	(5.6-5.7)	 37.2	(37.1-37.4)	
Infant	sex	 	 	 	 	
Male	 407,601	 141,957	 6.7	(6.7-6.8)	 42.1	(41.8-42.3)	
Female	 386,783	 103,108	 4.8	(4.7-4.8)	 32.9	(32.6-33.1)	
Neonatal	comorbidity†	 	 	 	 	
Yes	 17,485	 8,318	 11.1	(10.9-11.4)	 53.5	(52.4-54.4)	
No	 776,899	 236,747	 5.6	(5.6-5.7)	 37.2	(37.1-37.4)	
Birth	weight,	grams	 	 	 	 	
<1000	 1,693	 1,185	 24.3	(23.0-25.7)	 74.3	(71.6-76.7)	
1000-1499	 3,292	 1,890	 15.9	(15.2-16.7)	 63.2	(61.0-65.3)	
1500-2499	 34,255	 13,820	 8.6	(8.5-8.8)	 47.8	(47.0-48.7)	
≥2500	 755,144	 228,170	 5.6	(5.6-5.6)	 36.9	(36.8-37.1)	
Preterm	birth,	weeks	 	 	 	 	
<28	 1,624	 1,160	 26.3	(24.8-27.8)	 75.8	(73.0-78.3)	
28-31	 4,012	 2,297	 15.7	(15.1-16.4)	 63.1	(61.2-64.9)	
32-36	 45,688	 18,483	 8.4	(8.3-8.6)	 47.1	(46.4-47.7.)	
≥37	 743,060	 223,125	 5.5	(5.5-5.6)	 36.8	(36.6-37.0)	
Socioeconomic	deprivation	 	 	 	 	
Yes	 157,152	 50,700	 6.1	(6.1-6.2)	 39.6	(39.2-40.0)	
No	 606,565	 185,402	 5.6	(5.6-5.7)	 37.1	(36.9-37.3)	
Year	of	birth††	 	 	 	 	
2006-2009	 306,967	 112,465	 5.0	(4.9-5.0)	 38.2	(38.0-38.4)	
2010-2012	 245,459	 75,650	 5.9	(5.9-5.9)	 33.3	(33.0-33.5)	































Cardiovascular	 114	 14.2	(11.9-17.1)	 6,452	 1.2	(1.2-1.2)	 11.45	(9.48-13.82)	 2.43	(1.93-3.05)	
Respiratory	 508	 86.4	(79.2-94.2)	 95,379	 19.2	(19.1-19.3)	 3.85	(3.53-4.20)	 1.43	(1.30-1.58)	
Metabolic	 15	 1.8	(1.1-2.9)	 2,227	 0.4	(0.4-0.4)	 4.25	(2.56-7.07)	 1.30	(0.74-2.29)	
Gastrointestinal	 263	 37.4	(33.1-42.2)	 22,371	 4.2	(4.1-4.2)	 8.25	(7.27-9.37)	 1.56	(1.35-1.81)	
Genitourinary	 38	 4.5	(3.3-6.2)	 8,179	 1.5	(1.5-1.5)	 2.87	(2.08-3.95)	 1.65	(1.15-2.36)	
Central	nervous	
system	 192	 24.9	(21.6-28.7)	 8,583	 1.6	(1.5-1.6)	 15.24	(13.16-17.65)	 4.20	(3.43-5.15)	
Cerebral	palsy	 57	 6.8	(5.3-8.8)	 432	 0.1	(0.1-0.1)	 84.82	(64.31-111.9)	 4.78	(3.21-7.13)	
Meningitis	 27	 3.2	(2.2-4.6)	 1,091	 0.2	(0.2-0.2)	 15.25	(10.39-22.38)	 6.12	(3.38-11.08)	
Hydrocephalus	 61	 7.3	(5.7-9.4)	 238	 0.04	(0.04-0.05)	 160.8	(121.3-213.2)	 43.03	(20.64-89.72)	
Other	 94	 11.5	(9.4	-14.0)	 7,145	 1.3	(1.3-1.3)	 8.54	(6.97-10.47)	 2.71	(2.08-3.53)	
Musculoskeletal	 6	 0.7	(0.3-1.6)	 1,433	 0.3	(0.2-0.3)	 2.62	(1.18-5.83)	 2.01	(0.90-4.50)	
Ophthalmologic	 91	 11.1	(9.0-13.6)	 6,773	 1.2	(1.2-1.3)	 8.72	(7.08-10.73)	 3.01	(2.32-3.89)	
Otologic	 328	 46.7	(41.9-52.0)	 102,153	 22.1	(22.0-22.2)	 2.11	(1.90-2.36)	 1.19	(1.06-1.34)	
Infection	 80	 9.9	(7.9-12.3)	 18,259	 3.4	(3.3-3.4)	 2.76	(2.21-3.45)	 1.53	(1.20-1.96)	
Cancer	 9	 1.1	(0.5-2.0)	 1,240	 0.2	(0.2-0.2)	 4.55	(2.36-8.76)	 5.03	(2.18-11.61)	
Surgery	 623	 113.0	(104.5-122.3)	 160,603	 33.5	(33.3-33.7)	 3.27	(3.00-3.56)	 1.59	(1.44-1.75)	





















Cardiovascular	 56	 1.98	(1.48-2.67)	 15	 1.77	(1.03-3.05)	 34	 5.19	(3.53-7.64)	
Respiratory	 285	 1.29	(1.14-1.46)	 84	 1.56	(1.25-1.95)	 88	 1.75	(1.40-2.19)	
Metabolic	 7	 1.01	(0.46-2.21)	 5	 2.60	(1.01-6.68)	 <5	 1.84	(0.58-5.84)	
Gastrointestinal	 140	 1.38	(1.15-1.67)	 49	 1.74	(1.29-2.34)	 56	 2.31	(1.71-3.12)	
Genitourinary	 15	 1.07	(0.63-1.83)	 7	 1.88	(0.86-4.11)	 14	 4.22	(2.43-7.32)	
Central	nervous	system	 65	 2.31	(1.75-3.05)	 22	 2.81	(1.78-4.43)	 77	 14.36	(10.62-19.42)	
Cerebral	palsy	 22	 3.07	(1.86-5.09)	 5	 2.39	(0.94-6.05)	 24	 14.78	(8.72-25.06)	
Meningitis	 6	 2.25	(0.88-5.75)	 <5	 5.61	(1.83-17.22)	 12	 19.61	(9.35-41.14)	
Hydrocephalus	 7	 8.00	(2.86-22.37)	 <5	 13.83	(3.50-54.55)	 46	 259.0	(123.2-544.3)	
Other	 37	 1.79	(1.26-2.56)	 15	 2.49	(1.45-4.28)	 25	 4.89	(3.14-7.64)	
Musculoskeletal	 <5	 0.55	(0.08-3.76)	 -	 -	 5	 13.22	(5.34-32.73)	
Ophthalmologic	 32	 1.76	(1.20-2.57)	 15	 3.00	(1.78-5.07)	 33	 7.87	(5.31-11.67)	
Otologic	 202	 1.21	(1.05-1.40)	 54	 1.28	(0.98-1.69)	 44	 1.07	(0.79-1.46)	
Infection	 47	 1.49	(1.10-2.01)	 13	 1.60	(0.89-2.88)	 13	 1.75	(1.00-3.03)	
Cancer	 6	 5.41	(2.14-13.68)	 <5	 8.34	(1.68-41.33)	 <5	 4.34	(0.53-35.46)	
Surgery	 342	 1.35	(1.20-1.52)	 90	 1.45	(1.15	(1.84)	 129	 3.18	(2.50-4.05)	



























Cardiovascular	 21	 11.69	(7.43-18.41)	 93	 3.02	(2.32-3.93)	 976	 1.57	(1.42-1.75)	
Respiratory	 57	 2.68	(2.07-3.48)	 451	 1.94	(1.75-2.16)	 10,228	 1.49	(1.45-1.53)	
Metabolic	 <5	 3.28	(0.82-13.22)	 13	 1.57	(0.84-2.94)	 264	 1.37	(1.13-1.66)	
Gastrointestinal	 22	 4.29	(2.78-6.63)	 241	 2.27	(1.93-2.65)	 3,235	 1.58	(1.50-1.67)	
Genitourinary	 6	 3.09	(1.39-6.87)	 32	 1.87	(1.25-2.79)	 719	 1.28	(1.16-1.42)	
Central	nervous	system	 47	 23.19	(16.91-31.81)	 145	 4.03	(3.20-5.06)	 1,085	 1.37	(1.24-1.50)	
Cerebral	Palsy	 7	 55.64	(25.98-119.2)	 50	 9.29	(5.30-16.27)	 173	 2.39	(1.67-3.43)	
Meningitis	 11	 38.09	(20.36-71.23)	 16	 4.81	(2.52-9.20)	 126	 1.62	(1.27-2.08)	
Hydrocephalus	 11	 198.1	(99.49-394.1)	 50	 57.58	(26.02-127.4)	 52	 2.45	(1.57-3.82)	
Other	 25	 13.62	(9.09-20.42)	 69	 2.40	(1.77-3.26)	 818	 1.25	(1.13-1.40)	
Musculoskeletal	 <5	 5.00	(1.28-19.50)	 <5	 1.37	(0.52-3.60)	 105	 0.91	(0.68-1.21)	
Ophthalmologic	 16	 9.59	(5.84-15.75)	 75	 3.40	(2.55-4.55)	 839	 1.39	(1.25-.155)	
Otologic	 43	 1.83	(1.35-2.47)	 285	 1.35	(1.19-1.53)	 8,680	 1.22	(1.19-1.26)	
Infection	 6	 1.42	(0.64-3.15)	 74	 1.81	(1.39-2.35)	 1612	 1.19	(1.11-1.27)	
Cancer	 <5	 10.25	(3.25-32.30)	 6	 3.57	(1.24-10.22)	 83	 0.94	(0.72-1.23)	
Surgery	 79	 2.62	(2.05-3.33)	 544	 1.75	(1.57-1.94)	 13,467	 1.19	(1.16-1.22)	











































































































traditional	 neurodevelopment	 conditions	 were	 observed.	 Results	 of	 our	 study	 showed	 that	 IVH	 was	
associated	with	 a	 variety	 of	 disorders	 in	 childhood	 including	 cardiovascular,	 ophthalmologic,	 CNS	 and	
musculoskeletal.	 Most	 associations	 were	 present	 regardless	 of	 severity.	 Infants	 with	 grades	 III/IV	
hemorrhage	and	term	neonates	with	IVH	had	the	highest	rates	of	hospitalization.	Due	to	our	study	design,	
there	was	a	decrease	in	cumulative	incidence	as	a	function	of	time	because	infants	born	towards	the	end	
of	 the	 study	 period	 had	 less	 follow-up	 time.	 However,	 IVH	 remains	 a	 severe	 complication	 during	 the	
neonatal	period	and	this	study	provides	new	evidence	that	these	infants	are	at	risk	of	morbidity	beyond	














limitations,	 neurosensory	 impairments	 and	 serious	 debilitating	 conditions	 such	 as	 cerebral	 palsy	
(1,2,9,10,24,79).	 Despite	 this	 extensive	 literature,	 associations	 of	 IVH	 to	 other	 physiological	 sequelae	







































of	 the	 subependymal	 germinal	matrix	where	 neuronal	 and	 glial	 precursor	 cells	 are	 found	 (24).	 Vessel	
rupture	and	subsequent	hemorrhaging	is	more	likely	due	to	the	fragility	of	the	microvasculature.	Injury	to	





due	 to	 developmental	 and	 anatomical	 anomalies.	 Therefore,	mechanisms	 causing	 IVH	 in	 term	 infants	
might	be	linked	to	other	genetic	or	developmental	underlying	conditions.	In	our	data,	term	hemorrhage	
was	 strongly	 associated	 with	 childhood	 hospitalization,	 increasingly	 more	 than	 preterm	 infants	 with	
hemorrhage.	Results	of	this	nature	might	suggest	that	neurological	injury	may	be	more	detrimental	in	term	
infants,	as	a	great	deal	of	developmental	maturation	has	already	occurred	and	brain	spasticity	might	differ	
at	 later	 gestational	 ages	 (12,15,34).	 Term	 infants	 with	 mild	 IVH	 do	 not	 necessarily	 exhibit	 clinical	




















severe	 gastrointestinal	 disorder	 associated	 with	 feeding	 troubles	 and	 short	 bowel	 syndrome.	 It	 often	
necessitates	surgical	interventions,	early	in	life,	if	disease	progression	reaches	intestinal	perforation	(123).	
Nearly	30%	of	short	bowel	syndrome	cases	are	attributed	to	surgical	resection	of	the	intestines	secondary	
to	 severe	NEC	 (124).	 Lastly,	 post-hemorrhagic	 hydrocephalus	 is	 a	 severe	 complication	 of	 IVH	 and	 can	
require	neurosurgical	implantation	of	a	ventriculoperitoneal	shunt.	The	shunt	is	typically	localized	in	the	




In	 neonates,	 the	 immune	 system	 can	 be	 immature	 making	 them	 susceptible	 to	 infections.	 In	
preterm	infants,	 immune	 immaturity	arises	 from	lower	 levels	of	 immunological	cells,	a	slower	 immune	
response	and	 less	maternal-fetal	 antibody	 transfer	 (12,57,58).	Despite	 these	abnormalities,	 the	body’s	
natural	 response	to	 injury	still	causes	activation	of	 the	sympathetic	nervous	system	and	hypothalamic-
pituitary-adrenal	axis.	These	pathways	allow	release	of	corticosteroids	and	neurotransmitters;	cortisol	and	










Although	 this	 study	 adjusted	 for	 these	 neonatal	 comorbidities,	 it	 is	 difficult	 to	 eliminate	 the	
possibility	that	these	comorbidities	influence	risk	of	future	disorders.	In	all,	it	is	evident	that	IVH	may	itself	
lead	 to	 morbidity	 through	 multifactorial	 mechanisms	 (127,128).	 Overall,	 these	 children	 are	 medically	



















study	was	 able	 to	 conduct	 side-by-side	 comparison	 of	 risk	 amongst	 preterm	 and	 term	 infants,	 whilst	
adjusting	for	the	same	covariates.	
	












Residual	 confounding	 may	 exist	 if	 potential	 confounders	 were	 not	 thoroughly	 identified	 and	 defined	
during	 the	 conceptualization	 and	 analysis	 phase	 of	 the	 study.	 Multiple	 neonatal	 comorbidities	 were	











Generalizability	 infers	 the	 notion	 of	 representativeness	 or	 applicability	 to	 other	 populations	
beyond	 the	 study	 cohort	 (132).	 This	 study	 only	 accounted	 for	 childhood	 disorders	 that	 required	
hospitalization.	 Generalizability	 of	 infants	 with	 IVH	 to	 childhood	 morbidity	 that	 do	 not	 necessitate	
inpatient	admissions	remains	to	be	determined.	Some	mild	conditions	could	have	been	monitored	from	
outpatient	 settings	 or	 ambulatory	 clinics,	 therefore	 hospitalization	 was	 not	 always	 warranted.	
Neurodevelopment	disorders	do	not	regularly	require	hospitalization	and	can	be	treated	in	non-tertiary	




Sample	 sizes	 are	 important	 and	 can	 affect	 the	 interpretation	 of	 results.	 In	 our	 study,	 some	
outcomes	including	cancer,	musculoskeletal,	and	metabolic	disorders	were	rare.	Rarity	can	lead	to	smaller	
sample	 sizes.	With	 very	 little	 number	 of	 infants	 in	 certain	 outcome	 groups,	 the	 risk	 can	 be	 drastically	
skewed	 by	 a	 select	 few	 infants.	 Associations	 for	 rare	 exposures	 and	 small	 sample	 sizes	 ought	 to	 be	
interpreted	with	caution.	
	
Selection	 bias,	which	may	 be	 a	 source	 of	 problem	 for	 our	 results	 and	 can	 reduce	 the	 internal	
validity	of	our	study.	Since	the	exposure	and	outcome	have	already	occurred	in	this	retrospective	cohort	
study,	 a	 selection	bias	 is	 unlikely	 to	 occur	 in	 our	 study	 and	 infants	were	 selected	 from	a	 large	 cohort	









care	unit.	 I	have	first-hand	experience	working	alongside	cases	of	 infants	diagnosed	with	IVH.	 	Medical	
teams	associated	with	caring	for	sick	children	are	extensive	and	often	the	pursuit	for	continuation	of	care	
is	based	on	hope	and	comparison	to	other	surviving	children.	There	is	a	great	need	to	develop	a	consensus	




it	 does	 affect,	 their	 lives	 are	 completely	 changed.	 This	 condition	 affects	 multi-organ	 systems	 and	
necessitates	 a	 vast	 network	 of	 healthcare	 professionals	 working	 together	 on	 a	 long-term	 basis.	
Preventative	measures	 such	 as	 awareness	 and	 information	 availability	 to	mothers	 prenatally	 can	 help	
reduced	some	risk	factors	which	encompass	public	health	strategies.	Especially	in	today’s	society	where	
the	 average	 maternal	 age	 is	 higher	 and	 the	 use	 of	 ART	 is	 more	 prominent,	 discussion	 about	 severe	
neonatal	complications	ought	to	be	addressed	more	in-depth.	Major	neonatal	complications	should	to	be	
discussed	on	a	similar	level	as	other	conditions	such	as	Trisomy	21	(Down	syndrome)	for	example.	The	idea	












For	 years,	 IVH	 has	 been	 a	 serious	 condition	 that	 has	 mainly	 been	 studied	 for	 its	 impact	 on	
neurodevelopmental	outcomes.	The	current	clinical	practices	and	knowledge	need	further	exploration.	
Research	 is	 starting	 to	 evaluate	 a	 range	 childhood	 morbidities	 amongst	 the	 population	 of	 extremely	





can	 be	 probed	 further.	 Lastly,	 a	 higher	 involvement	 with	 psychosocial	 studies	 can	 perhaps	 positively	
complement	epidemiological	 findings	due	to	a	 large	ethical	 involvement.	The	conjoined	 insight	of	both	
qualitative	and	quantitative	results	can	create	a	more	in	depth	and	holistic	comprehension	of	IVH.	
	
As	 we	 know	 genetic,	 immunological	 and	 cellular	 pathways	 are	 heavily	 involved	 with	 the	
progression	and	development	of	IVH.	Examining	the	epigenetic	and	genetic	features	of	IVH	during	prenatal	
checkups	 can	 help	 better	 anticipate	 and	 potentially	 reduce	 the	 risk	 of	 IVH.	 Extra	 prenatal	 testing	 or	
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